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collagen content decreases in late stage osteoarthritis. In early stage, it is
reported that anabolism of the collagen increases. The hypothesis of this
study is that the collagen content increases in the slightly degenerated
cartilage. In our group, material properties of the articular cartilage were
examined with ultrasound cartilage evaluation system. In this study,
Fourier Transform Infrared (FTIR) imaging was also used to evaluate the
collagen content of articular cartilage.
Methods: Fourier Transform Infrared spectrometer (FT-IR-460 PLUS:
JASCO: Tokyo) coupled to a microscope (Intron-IRT-30: JASCO: Tokyo)
was used to acquire data. Human articular cartilage was obtained at total
knee arthroplasty and was graded by ICRS grading. Then, the mechanical
properties of the cartilage were measured with our ultrasound cartilage
evaluating system with wavelet transform method. Three parameters were
used; signal intensity (index of the stiffness), signal duration (index of
roughness) and signal interval (index of thickness). Then frozen section
of 5mm was made for FTIR imaging. In FTIR imaging, the integrated area
under the protein amide I and II (1710–1570 cm−1) was used as collagen
content. For quantitative analysis, the cartilage of weight bearing area
of the lateral femoral condyle was selected to avoid the site dependent
variance. Sample number was 10 of Grade-0 (G0), 10 of G1, 6 of G2
and 0 of G3 from 10 patients. In statistical analysis, one-way ANOVA
was used and p< 0.05 was deﬁned to be signiﬁcant.
Results: In the mapping of collagen content with FTRI, in G0 cartilage,
collagen rich area existed in surface and deep layer. In G1 cartilage,
the collagen content of superﬁcial area decreased and the collagen
content in deep layer increased. In G3, collagen content decreased in
whole layer. In quantitative analysis, there was no difference in collagen
content between G0, G1 and G2 cartilage when whole layer of cartilage
was examined. In superﬁcial layer, collagen content decreased as ICRS
advanced (Figure A). Otherwise, in deep layer, the G1 cartilage had
signiﬁcantly richer collagen content than G0 or G2 cartilage (Figure B).
In ultrasound evaluation, signal intensity declined (Figure C) and signal
duration increased as ICRS grade advanced. There was signiﬁcant dif-
ference between G0 and G1 cartilage in these two parameters. Further
examination whether the signal intensity (index of the cartilage stiffness)
reﬂects the collagen content of the cartilage was performed. Signal
intensity had a signiﬁcant correlation with collagen content in superﬁcial
layer (R=0.80).
Conclusions: In this study, the change of the collagen content in G1
cartilage differs in superﬁcial layer and in deep layer. As a result of an
increase of anabolism, the collagen content of G1 cartilage increased in
deep layer. However, collagen content of superﬁcial layer decreased. We
think that catabolism occurs stronger than anabolism and the collagen
content decreases. Recently, the collagen content of the cartilage has
been measured non-invasively with such as MRI T2 mapping method.
These changes of the collagen content of G1 cartilage may become a
candidate for early diagnosis of the cartilage degeneration. Ultrasound is
also a non-invasive method and the change of the signal intensity can
be used to guess the collagen content of the superﬁcial layer of articular
cartilage.
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Purpose: Limited information is currently available on the expression
levels and roles of matrix metalloproteinase (MMP)-12 in chondrocytes.
In this study, we characterize the expression mechanisms of MMP-12 and
its possible function in cartilage destruction.
Methods: The expression mechanisms of MMP-12 and MMP-9 were
determined using reverse transcriptase polymer chain reaction (RT-PCR),
quantitative real-time polymerase chain reaction (qRT-PCR), Western
blotting, reporter gene assay, and zymography in primary culture chon-
drocytes either treated with interleukin (IL)-1b or left untreated. The roles
of mitogen-activated protein (MAP) kinase subtypes were additionally
examined with speciﬁc inhibitors. The function of MMP-12 was assayed
in chondrocytes treated with the recombinant active protein.
Results: Il-1b induced the expression, secretion and activation of MMP-
12 in chondrocytes and cartilage explants via MAP kinase pathways.
Extracellular signal-regulated kinase and p38 kinase regulated MMP-12
expression, whereas c-jun N-terminal kinase modulated activation. MMP-
12 enhanced MMP-9 expression and secretion in the presence of Il-1b in
chondrocytes.
Conclusions: Il-1b in chondrocytes induces the expression and activation
of MMP-12, which, in turn, augments MMP-9 expression and secretion.
Our results support the possible involvement of MMP-12 in cartilage
destruction.
Mechanobiology
448 RHEOLOGICAL PROPERTIES OF OSTEOARTHRITIC
SYNOVIAL FLUID BEFORE AND AFTER ADDITION OF
DIFFERENT HYALURONIC ACID FORMULATIONS
T. Conrozier1, P. Mathieu1, Y. Rozand2, E. Vignon1, M. Rinaudo3.
1Centre Hospitalier Lyon Sud, Pierre Be´nite, FRANCE, 2Centre de
Rhumatologie, Grenoble, FRANCE, 3Centre de Recherches sur les
Macromolecules Ve´ge´tales (CERMAV-CNRS), Grenoble, FRANCE
Purpose: To assess in vitro the effect of 2 formulations of viscosupple-
ment, linear and a cross-linked hyaluronic acid (HA) on the synovial ﬂuid
(SF) rheology.
Methods: SF were obtained by sterile aspiration of the affected joints
in 14 patients suffering from knee OA. SF samples were collected in
sterile tubes and stocked at 4ºC. SF were characterized by size exclusion
chromatography (SEC) and rheology. From SEC experiments it was
possible to determine the different parameters (concentrations, average
molecular weights of HA). Two viscosupplements (a cross-linked HA with
an apparent MW of 6mDa and a linear HA with an average MW of
1.1mDa) were then added to SF in a ratio 1/1 to test their effects on SF
behaviour. The rheological behaviour of SF and SF+HA was determined
using an AR 1000 rheometer.
Results: The concentration of HA varied from 0.2 to 2.5 g/L. In steady
state ﬂow the rheological behaviour of SF was non Newtonian. The
addition of linear HA modiﬁed only slightly the behaviour of SF. It espe-
cially increased viscosity at higher shear rate and decreased shear rate
dependence of the SF suggesteing the SF/exogenous HA interaction. On
the opposite, the addition of cross-linked HA gave a large non-Newtonian
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behaviour and very large increase in the viscosities in all the range of
shear rate.
Conclusions: When HA formulations were added to OA SF, the dynamic
rheology demonstrated a gel-like behaviour for the cross-linked HA visco-
supplement addition but that of a viscous solution for the non cross-linked
HA addition.
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Purpose: To evaluate, in vitro, the rheological stability over time, of
the osteoarthritic (OA) synovial ﬂuid (SF) before and after addition of 2
formulations of viscosupplements, a non cross-linked and a cross-linked
hyaluronic acid (HA).
Methods: SF were obtained by sterile aspiration of the affected joints in
14 patients suffering from knee OA. SF samples were collected in sterile
tubes and stocked at 4ºC. SF volume was recorded. Two viscosupple-
ments (a cross-linked HA with an apparent MW of 6mDa and a linear
HA with an average MWof 1.1mDa) were then added to SF in a ratio
1/1 to test their effects on SF behaviour. The rheological behaviour of
SF and HA-modiﬁed-SF was determined using an AR 1000 rheometer.
The rheological stability of SF and HA-modiﬁed-SF was studied over a
6 week period of time.
Results: In steady state ﬂow the rheological behaviour of SF was non
Newtonian. A slight decrease of the rheological behaviour appeared in
the ﬁrst time of aging and then stabilized. The addition of linear HA
modiﬁed only slightly the behaviour of SF. It especially increased viscosity
at higher shear rate and decreased shear rate dependence of the SF. On
the opposite the addition of cross-linked HA induced a gel-like behaviour
of the SF in all the range of frequency covered. No signiﬁcant change was
found at any time during the follow-up in both linear HA and cross-linked
treated SF up of SF for both linear and cross-linked HA treated SF.
Conclusions: The stability of SF rheological behaviour over time after
addition of viscosupplement suggests that, in vitro, the enzymatic degra-
dation of exogenous HA is of negligible importance.
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Purpose: Mechanical stress is a key regulator to the cell-activity of chon-
drocytes. Our major interest is focused on response of chondrocytes to
mechanical stress. We investigated the chronological phenotypic changes
of the three-dimensional (3D)-embedded chondrocytes via applying me-
chanical stress.
Methods: Freshly isolated chondrocytes from rat articular cartilage were
cultured in monolayer. On reaching conﬂuence, the cells were embedded
in type I collagen gel, and pre-incubated for 24 h. The 3D-embedding cells
were stimulated by mechanical stress for 1 h immediately after the 24 h-
preincubation and were additionally incubated for 24 h after mechanical
stimulation. The mechanical stress application was a cyclic loading at
5% strain, 0.33Hz. Aggrecan (AGC) and type II collagen (Col2) mRNA
expression was evaluated at 0 (served as control; t = 0), 1, 7, 13, and
25 h after the initiation of mechanical stimulation (n = 7). The total RNA
was extracted from the 3D-embedding cells at the each time point for real-
time RT-PCR. Real-time PCR was performed for AGC, Col2, and GAPDH,
house-keeping gene, as an internal control. Statistical differences were
determined by one-factor analysis of variance with Bonferroni/Dunn post
hoc tests. P values <0.05 were considered signiﬁcant.
Results: Mechanical stress clearly stimulated the 3D-embedded chon-
drocytes. Their ability to produce ECM molecules was measured at
mRNA levels by real-time RT-PCR, and it was strongly and rapidly acti-
vated immediately after mechanical stimulation. Thus, at t = 1, both AGC
(P <0.0001) and Col2 (P < 0.001) expression was signiﬁcantly increased
between all the groups. However, at t = 7, 13, 25, AGC expression was
signiﬁcantly decreased compared to control (P <0.05). Moreover, at t = 7,
25, Col2 expression was also signiﬁcantly decreased compared to control
(P < 0.0001).
Conclusions: In summary, the cell-differentiation of chondrocytes was
strongly and rapidly enhanced immediately after mechanical stimulation.
However, after that, it was rapidly down-regulated along the time. This
study mainly provides that mechanical stimulation can play a key role in
the chronological phenotypic change of chondrocytes in 3D scaffold.
451 DYNAMIC COMPRESSION COUNTERACTS
FIBRONECTIN-FRAGMENT INDUCED INOS AND COX-2
EXPRESSION IN CHONDROCYTE/AGAROSE CONSTRUCTS
S.P. Raveenthiran, T.T. Chowdhury. Queen Mary, University of London,
London, UNITED KINGDOM
Purpose: Osteoarthritis is a notoriously complex disease and there are
likely to be multiple pathways underlying its cause and determining its pro-
gression. Thus, identifying which signals are activated during the different
stages of the disease process, are under considerable investigation. Car-
tilage integrity involves both molecular and mechanical factors inﬂuenced
by matrix degradation products such as the ﬁbronectin fragments (FN-
fs). Both the FN-fs and mechanical loading are known to inﬂuence the
catabolic and anabolic processes, possible mediated by •NO release.
It is plausible that mechanical loading may compete with the pathways
activated by the FN-fs and promote subsequent downregulation of the
catabolic signals. To date, no study has examined whether the pathways
activated by the FN-fs will be inﬂuenced by dynamic compression. The
present study examines the effects of the NH2-hep I or COOH-hep II
FN-fs on iNOS and COX-2 expression and production of •NO and PGE2
release in chondrocytes cultured in agarose constructs and subjected to
dynamic compression.
Methods: Chondrocyte/agarose constructs were subjected to dynamic
compression (15%, 1Hz frequency) in DMEM + 1xITS supplemented
with 0 or 5mg×ml−1 NH2-hep I or 10 mg×ml−1 COOH-hep II FN-f and/or
1mM 1400W for 1, 6 or 48 hours. Real-time quantitative PCR assays
coupled with molecular beacons were performed with cDNA, Brilliant®
QRT-PCR Master Mix, primer pairs and analysed on the MX3000P QPCR
instrument. The ratio of the relative expression levels of the catabolic
(iNOS, COX-2) and anabolic (aggrecan, collagen type II) signals were
accomplished by normalizing each target to the reference gene, GAPDH
and to the calibrator sample, by a comparative cycle threshold approach.
Nitrite and PGE2 release were measured in the media by Griess and EIA
assay. [3H]-thymidine and 35SO4 incorporation were measured by TCA
and alcian blue precipitation, respectively.
Results: The NH2-hep I or COOH-hep II FN-fs induced the relative
expression levels of iNOS and COX-2 and increased the production
of •NO release. Both fragments downregulated aggrecan and collagen
type II expression levels and subsequent inhibition of [3H]-thymidine
and 35SO4 incorporation. The FN-f-induced effects on iNOS, COX-2
aggrecan and collagen type II expression could be reversed with the
application of dynamic compression in the presence of the iNOS inhibitor,
1400W (Fig. 1). In addition, co-stimulation with dynamic compression and
iNOS inhibitor inhibited nitrite release and upregulated [3H]-thymidine and
35SO4 incorporation in the presence of the fragments. In contrast, PGE2
levels were not signiﬁcantly inﬂuenced by the presence of the NH2-hep I
or COOH-hep II FN-f and/or dynamic compression.
